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(54) FORMATION OF PZT FILM WITH SUPERCRITICAL DRYING TREATMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a process for forming a ferroelectric thin film consisting of a PZT 
[plumbum (lead) ziconate titanate] composition by a sol-gel method, or more specifically, a formation process of a 
PZT film that is a homogeneous thin film having required transparency, electrical insulation properties and 
ferroelectricity as an electro-optic material, which process is capable of forming such a homogeneous thin film by 
a sol-gel method without causing any cracks in the thin film. 

SOLUTION: This process comprises: dissolving at least one lead alkoxide, one zirconium alkoxide and one titanium 
alkoxide in an organic solvent to obtain a solution; adding a hydrolysis inhibitor and, if necessary, a binder to the 
solution to form a PZT composition; coating a substrate with the PZT composition; and thereafter subjecting the 
coated substrate to supercritical drying treatment using C02 or H20 and heat treatment, or alternatively, 
subjecting the coated substrate to supercritical drying treatment using H20 while blowing 02 into the system. 
Thus, the objective PZT film having transparency, electrical insulation properties and ferroelectricity can be 
formed without causing any cracks in the film, peeling of the film, or the like. 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The formation approach of the PZT film characterized by applying to a substrate the PZT constituent which 
comes to add a binder in the solution made to dissolve a kind of lead alkoxide, zirconium alkoxide, and titanium 
alkoxide in an organic solvent at least, respectively a hydrolysis inhibitor and if needed, and carrying out supercritical 
drying processing using C02 or H20. 

[Claim 2] It is the formation approach of the PZT film characterized by performing supercritical drying processing using 
said H20 in the formation approach of the PZT film according to claim 1, blowing 02. 

[Claim 3] The formation approach of the PZT film characterized by heat-treating in 20 - 60 minutes, and in air at 400- 
700 degrees C after said supercritical drying processing in the formation approach of the PZT film according to claim 1 . 
[Claim 4] It is the formation approach of the PZT film characterized by performing supercritical drying processing using 
said C02 for 1 to 8 hours by 31.1-150 degrees C and 80 - 200 kgtfcm2 in the formation approach of the PZT film 
according to claim 1 or 3. 

[Claim 5] It is the formation approach of the PZT film characterized by performing supercritical drying processing using 
said H20 for 0.5 to 6 hours by 374.1-700 degrees C and 218.3 - 400 kgffcm2 in the formation approach of the PZT film 
according to claim 1 to 3. 

[Claim 6] It is the formation approach of the PZT film characterized by said lead alkoxide, zirconium alkoxide, and a 
titanium alkoxide being lead-G n-butoxide, zirconium-tetra— n-butoxide, and titanium-tetra— n-butoxide, respectively in 
the formation approach of the PZT film according to claim 1 to 5. 

[Claim 7] It is the formation approach of the PZT film characterized by the component ratio of the lead in said PZT 
constituent, a zirconium, and titanium being Pb:Zr:Ti=2:l :1 in the formation approach of the PZT film according to 
claim 1 to 6. 

[Claim 8] It is the formation approach of the PZT film characterized by said organic solvent being lower alcohol or 
toluene in the formation approach of the PZT film according to claim 1 to 7. 

[Claim 9] It is the formation approach of the PZT film characterized by said organic solvent being isopropyl alcohol in 
the formation approach of the PZT film according to claim 8. 

[Claim 10] It is the formation approach of the PZT film characterized by said hydrolysis inhibitor being alkanolamine or 
an acetylacetone in the formation approach of the PZT film according to claim 1 to 9. 

[Claim 1 1] It is the formation approach of the PZT film characterized by said alkanolamine being diethanolamine in the 
formation approach of the PZT film according to claim 10. 

[Claim 12] the formation approach of the PZT film according to claim 1 to 1 1 — setting — said hydrolysis inhibitor - the 
total number of mols of said lead alkoxide, zirconium alkoxide, and a titanium alkoxide — receiving - l-3molEq — the 
formation approach of the PZT film characterized by using. 

[Claim 13] It is the formation approach of the PZT film characterized by said binder being hydroxypropylcellulose in 
the formation approach of the PZT film according to claim 1 to 12. 

[Claim 14] It is the formation approach of the PZT film characterized by said substrate consisting of quartz glass, a 
silicon single crystal, platinum, a magnesia single crystal, or strontium titanate in the formation approach of the PZT 
film according to claim 1 to 13. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the formation approach of the PZT film using a sol-gel method which 
has the transparency, the electric insulation, and the ferroelectricity which are demanded especially as an opto 
electronics material about the approach of forming the ferroelectricity thin film which consists of a PZT constituent with 
a sol-gel method, and can form a homogeneous thin film, without producing a crack. 
[0002] 

[Description of the Prior Art] Titanic-acid lead zirconate (PZT) is known as ferroelectricity ceramics, and is widely 
applied to the piezoelectric device etc. In order to use for an electro-optics application by using PZT as an electron 
device, the thin film of PZT which has transparency in addition to electric insulation and a ferroelectricity is needed. 
The gaseous-phase method and the liquid phase process are tried as the manufacture approach of such PZT film. 
[0003] In the case of the gaseous-phase method, the sputtering method which can form membranes at low temperature 
especially is used, but in order to crystallize a ferroelectricity perovskite phase, 500-600-degree C heat treatment is 
required, and the description of low-temperature membrane formation is not valid. Moreover, when forming the film 
which contains plural elements like three metal components of PZT, it is difficult for the presentation used as a target 
and the presentation of the spatter film to shift, and to constitute the purpose presentation. 

[0004] In a liquid phase process, only by dissolving the metallic compounds of three components, since homogenization 
is difficult and a crack and segregation arise at the time of spreading and baking, it has not resulted in utilization. 
Although the liquid phase process using a sol-gel method is tried by using a metal alkoxide as a start raw material in 
recent years, since hydrolysis of each metal alkoxide differs from the rate of a polymerization, heterogeneity precipitate 
generates, or a problem arises in the plural crystal structures of the generation film in many cases, and the process of 
desiccation and baking is complicated and is not stabilized. Furthermore, by this approach, at the time of baking, Pb of 
PZT will be spread and a function will fall. 
[0005] 

[Problem(s) to be Solved by the Invention] Therefore, the purpose of this invention is offering the formation approach 
of the PZT film using a sol-gel method which has the formation approach by the sol-gel method of the ferroelectricity 
thin film which consists of a PZT constituent especially the transparency demanded as an opto electronics material, 
electric insulation, and a ferroelectricity, and can form a homogeneous thin film, without producing a crack. 
[0006] 

[Means for Solving the Problem] An example is taken by the above-mentioned purpose. Wholeheartedly as a result of 
research this invention persons At least a kind of lead alkoxide, zirconium alkoxide, and titanium alkoxide in the 
solution dissolved in the organic solvent, respectively After applying to a substrate a hydrolysis inhibitor and the PZT 
constituent which comes to add a binder if needed, using C02 or H20, supercritical drying processing is carried out and 
it heat-treats, Or blowing 02, by carrying out supercritical drying processing using H20, it discovered that the PZT film 
with transparency, electric insulation, and a ferroelectricity could be formed, and hit on an idea to this invention. 
[0007] That is, since deliquoring is completed without the frame of the minerals in the film contracting by permuting the 
solvent which remains in a PZT constituent by supercritical fluid, the formation approach of the PZT film of this 
invention has transparency, electric insulation, and a ferroelectricity, without producing a crack, peeling, etc., and is 
characterized by obtaining the homogeneous PZT film. In order to perform supercritical drying processing with low 
temperature and high pressure comparatively, the film which the adhesion of the spreading film improved and 
maintained the gestalt before supercritical drying processing can be formed, and Pb is not spread at the time of 
desiccation. 
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[0008] Although a metal alkoxide shows the reactivity of different hydrolysis according to a metaled class, and a 

polymerization, it can form the homogeneous PZT film with a desired presentation ratio in this invention by reducing 

the hydrolysis rate of each metal alkoxide using a hydrolysis inhibitor, and stabilizing a solution. 

[0009] Heat treatment advances oxidation reaction and crystallization, and in order to form an oxide thin film, it is 

performed at an elevated temperature among air. When carrying out a multilayer coating tip using an approach 

including heat treatment, coating-supercritical drying processing-baking is repeated and is performed. 

[0010] When carrying out supercritical drying processing using H20, blowing 02, since oxidation reaction advances to 

desiccation and coincidence and baking is completed by crystallization accompanying it, the above-mentioned heat 

treatment is unnecessary. This approach is suitable for the multilayer coating tip of the PZT film. 

[0011] 

[Embodiment of the Invention] The formation approach of the PZT film by the sol-gel method of this invention [1] The 
process which prepares a PZT constituent, the process which applies [2] PZT constituent to a substrate, And it consists 
of a process which carries out supercritical drying processing using H20, carrying out supercritical drying processing 
after desiccation using C02 or H20 at 40 degrees C, blowing the process heat-treated further for [3] paint films, and 
blowing 02 for ordinary temperature - [3 1 ] paint film after desiccation at ordinary temperature -40 degree C. Hereafter, 
each process of [1]- [3'] is explained. 

[0012] [1] It is desirable to add a hydrolysis inhibitor to the sol solution made to dissolve a kind of lead alkoxide, 
zirconium alkoxide, and titanium alkoxide in an organic solvent at least, respectively in process this invention which 
prepares a PZT constituent, to agitate at 23-30 degrees C for 0.5 to 2 hours, to add a binder if needed further, to agitate 
at 23-30 degrees C for 0.5 to 2 hours, and to prepare a PZT constituent. 

[0013] As for the lead alkoxide, the zirconium alkoxide, and the titanium alkoxide which are used by this invention, it is 
desirable that they are lead-G n-butoxide, zirconium-tetra-n-butoxide, and titanium-tetra— n-butoxide, respectively, and, 
as for a component ratio, it is desirable that it is Pb:Zr:Ti=2: 1 : 1 . Moreover, the solvent in which these are dissolved has 
desirable lower alcohol or toluene, such as isopropyl alcohol. The toluene solution which contains a metal alkoxide and 
a hydrolysis inhibitor first is prepared, and toluene may be continuously permuted by isopropyl alcohol etc. As for the 
concentration of the total metal alkoxide in a solution, it is desirable that it is 0.1 - 1.0 mol/1. 
[0014] As a hydrolysis inhibitor, it is desirable to use alkanolamine or acetylacetones, such as diethanolamine. a 
hydrolysis inhibitor — the total number of mols of said metal alkoxide — receiving ~ l-3molEq - using is desirable. As 
for a binder, it is desirable that it is hydroxypropylcellulose. 

[0015] [2] Apply the process which applies a PZT constituent to a substrate, next the obtained PZT constituent at least 
to one side of a substrate. It may pull up and you may coat with a DIP coating method. It is optimal to use quartz glass 
for mentioning quartz glass, a silicon single crystal, platinum, a magnesia single crystal, strontium titanate, etc. as an 
usable substrate (base material) by this invention, and forming the cheap PZT film easily especially. 
[0016] In case a PZT constituent is applied at least to one side of a substrate, as for the thickness of a paint film, it is 
desirable that it is 2-10 micrometers. 

[0017] [3] The constituent which carries out supercritical drying processing after desiccation using C02 or H20 at 
ordinary temperature -40 degree C, and heat-treats a paint film further and which carried out process spreading is dried 
at ordinary temperature -40 degree C, and put this into a high-pressure extract eel, carry out supercritical drying 
processing using C02 or H20, permute a residual solvent by supercritical fluid, further, among air, heat-treat at an 
elevated temperature and form an oxide film. It is desirable to perform desiccation at ordinary temperature -40 degree C 
for 5 - 30 minutes. 

[0018] When performing supercritical drying processing using C02 (critical temperature of 31.1 degrees C, critical 
pressure 75.2 kgf7cm2), by 31.1 degrees C - 150 degrees C and 80 - 200 kgi7cm2, more preferably, C02 is permuted by 
31.1 degrees C - 120 degrees C and 100 - 200 kgf7cm2, and C02 permutes the residual solvent in sink gel with a paint 
film front face for 2 to 4 hours for 1 to 8 hours. Then, by decompressing and lowering a eel, C02 is removed and it 
considers as hybrid dry gel. 

[0019] On the other hand, when performing supercritical drying processing using H20 (critical temperature of 374.1 
degrees C, critical pressure 218.3 kgf7cm2), by 374.1-700 degrees C and 218.3 - 400 kgf7cm2, more preferably, H20 is 
permuted by 374.1-500 degrees C and 218.3 - 300 kgf/cm2, and H20 permutes the residual solvent in sink gel with a 
paint film front face for 0.5 to 2 hours for 0.5 to 6 hours. Then, by decompressing and lowering a eel, H20 is removed 
and it considers as hybrid dry gel. 

[0020] It is desirable to heat-treat at 400-700 degrees C preferably, and to form a PZT oxide film after supercritical 
drying processing and among air. Preferably, for 20 - 60 minutes, although heat treatment carries out for 20 - 40 minutes 
more preferably, the film which heat-treating for 30 minutes at 500 degrees C shows desirable ferroelectricity P-E 
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hysterics RISHISU is obtained, and it is especially desirable. 

[0021] [3'] While permuting a residual solvent by supercritical fluid by carrying out supercritical drying processing 
using H20, drying the constituent which carries out supercritical drying processing of the paint film using H20 while 
blowing 02 after desiccation at ordinary temperature -40 degree C and which carried out process spreading at ordinary 
temperature -40 degree C, putting this into a high-pressure extract eel, and blowing 02, oxidation reaction and 
crystallization are completed. It is desirable to perform desiccation at ordinary temperature -40 degree C for 5 - 30 
minutes. 

[0022] The conditions of supercritical drying processing, actuation, etc. are the same as the supercritical drying 
processing which used H20 of a publication in a process [3], and are good for it. After supercritical drying processing, 
by decompressing and lowering a eel, H20 and 02 are removed and a PZT oxide film is formed. In this case, heat 
treatment becomes unnecessary. Supercritical drying [ processing / using H20 / supercritical drying ] processing using 
short-time deed and H2accompanied by [ after permuting a residual solvent by supercritical fluid to some extent ] 
entrainment of 02 O may be performed without blowing 02 probably. 

[0023] Thickness is 2-10 micrometers, and the PZT film of this invention formed as mentioned above has the 
transparency demanded as an opto electronics material, and shows the outstanding electric insulation and the 
outstanding ferroelectricity. 
[0024] 

[Example] Although the following examples explain this invention to a detail further, this invention is not limited to 
them. 

[0025] the toluene solution of example 1 lead-G n-butoxide, zirconium-tetra--n-butoxide, and titanium-tetra-n-butoxide 
- a component ratio - weighing capacity mixing was carried out so that it might be set to Pb:Zr:Ti=2:l :1, and it 
agitated for 5 minutes at 25 degrees C. Next, the total number of mols of the above-mentioned metal alkoxide and the 
diethanolamine of equimolar were added, and it agitated at 25 degrees C for 1 hour. Then, toluene was permuted by 
isopropyl alcohol, and the concentration of the total metal alkoxide prepared the solution of 0.1 mol/1, added 
hydroxypropylcellulose as a binder, agitated at 25 degrees C for 2 hours, and prepared the PZT constituent. The 
presentation of this PZT constituent is shown in Table 1. 
[0026] 

Table 1 Presentation of PZT constituent of example 1 Weight % mole ratio Lead-G n-butoxide 2.19 2 Zirconium-tetra- 
n-butoxide 1.19 1 Titanium-tetra-n-butoxide 1.05 1 Diethanolamine 1.30 4 Hydroxypropylcellulose 1.00 toluene 0.00 
isopropyl alcohol 93.27 Sum total 100.00 [0027] The obtained PZT constituent was pulled up and coated with 10 
cm/min. with the DIP coating method on the platinum substrate, and it dried for 10 minutes at 40 degrees C using the air 
ambient atmosphere furnace. Subsequently, this was put into the high-pressure extract eel, supercritical drying 
processing was carried out for 2 hours using C02 by 40 degrees C and 80 kgf/cm2, it heat-treated for 30 minutes at 500 
degrees C among air further, and the PZT film was formed. The thickness of this PZT film was 3 micrometers. When 
the spatter coat of the golden electrode was carried out to the front face of the obtained PZT film, the P-E hysteresis was 
drawn on the oscilloscope by 60Hz using the SOYA tower circuit and it asked for the remanence and the coercive 
electric field from the intersection with vertical axes and a horizontal axis, the remanence was 18.0microC/cm2 and the 
coercive electric field was 35.0KV/cm. 

[0028] The PZT constituent was prepared like the example 1 except having used the diethanolamine of the three-mol 
equivalent to the total number of mols of an example 2 metal alkoxide. The presentation of this PZT constituent is 
shown in Table 2. 
[0029] 

Table 2 Presentation of PZT constituent of example 2 Weight % mole ratio Lead-G n-butoxide 2.13 2 Zirconium-tetra- 
n-butoxide 1.16 1 Titanium-tetra-n-butoxide 1.03 1 Diethanolamine 3.80 12 Hydroxypropylcellulose 1 .00 Toluene 0.00 
Isopropyl alcohol 90.88 Sum total 100.00 [0030] The PZT film was formed like the example 1 using the obtained PZT 
constituent except having performed supercritical drying processing using C02 by the temperature of 80 degrees C, and 
pressure 1 60 kgf/cm2 for 1 hour. The thickness of this PZT film was 2 micrometers. As a result of asking for the 
remanence and coercive electric field of the PZT film which were obtained like an example 1, the remanence was 
16.2microC/cm2 and the coercive electric fields were 32.4 kV/cm. 

[0031] The PZT constituent was prepared like the example 1 except having replaced with example 3 diethanolamine and 

having used the acetylacetone. The presentation of this PZT constituent is shown in Table 3. 

[0032] 

Table 3 Presentation of PZT constituent of example 3 Weight % mole ratio Lead-G n-butoxide 2.19 2 Zirconium-tetra- 
n-butoxide 1.19 1 Titanium-tetra-n-butoxide 1.05 1 Acetylacetone 1.24 4 Hydroxypropylcellulose 1 .00 Toluene 0.00 
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Isopropyl alcohol 93.33 Sum total 100.00 [0033] The PZT film was formed like the example 2 using the obtained PZT 
constituent. The thickness of this PZT film was 2 micrometers. As a result of asking for the remanence and coercive 
electric field of the PZT film which were obtained like an example 1, the remanence was 15.3microC/cm2 and the 
coercive electric fields were 38.8 kV/cm. 

[0034] After pulling up and coating with 10 cm/min. the PZT constituent obtained like example 4 example 1 with the 
DIP coating method on the platinum substrate and drying for 10 minutes at 40 degrees C using an air ambient 
atmosphere furnace, supercritical drying processing was carried out for 1 hour using H20 by 400 degrees C and 250 
kgf/cm2, heat treatment was further performed for 30 minutes at 500 degrees C among air, and the PZT film was 
formed. The thickness of this PZT film was 2 micrometers. As a result of asking for the remanence and coercive electric 
field of the PZT film which were obtained like an example 1, the remanence was 20.6microC/cm2 and the coercive 
electric fields were 25.5 kV/cm. 

[0035] After pulling up and coating with 10 cm/min. the PZT constituent obtained like example 5 example 1 with a DIP 
coating method on a platinum substrate and drying for 10 minutes at 40 degrees C using an air ambient atmosphere 
furnace, while carrying out supercritical drying processing for 30 minutes using H20 by 500 degrees C and 250 
kgf/cm2 first and blowing 02 into a container further Supercritical drying processing was carried out for 2 hours using 
H20 by 500 degrees C and 350 kgtfcm2, and the PZT film was formed. The thickness of this PZT film was 2 
micrometers. As a result of asking for the remanence and coercive electric field of the PZT film which were obtained 
like an example 1, the remanence was 23.4microC/cm2 and the coercive electric fields were 23.0 kV/cm. 
[0036] The PZT film was formed like the example 1 except not performing supercritical drying processing using 
example of comparison 1C02. The thickness of this PZT film was 2 micrometers. As a result of asking for the 
remanence and coercive electric field of the PZT film which were obtained like an example 1, the remanence was 14. 
OmuC/cm 2 and the coercive electric fields were 45.3 kV/cm. 

[0037] The remanence and coercive electric field of the PZT film which were formed in the above-mentioned example 
and the example of a comparison are collectively shown in Table 4. 

Table [ ] 4 a remanence (muC/cm2) Coercive electric field (kV/cm) Example 1 18.0 35.0 Example 2 16.2 32.4 Example 
3 15.3 38.8 Example 4 20.6 25.5 Example 5 23.4 23.0 Example 1 of a comparison 14.0 45.3 [0038] The PZT film 
formed by the approach of this invention has a high remanence, i.e., high spontaneous polarization, and Table 4 shows 
that it is the outstanding ferroelectric which can reverse polarization by slight electric field. 
[0039] 

[Effect of the Invention] As explained in full detail above, the formation approach of the PZT film of this invention can 
form the homogeneous thin film of PZT, without producing a crack. The PZT film obtained by the approach of this 
invention has transparency, electric insulation, and strong conductivity, and is very useful to an opto electronics material 
etc. 



[Translation done.] 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



7/28/2004 



(19) B#B&tTfr (JP) 



& m & ¥f & ^ ^) 



(ii)fcHPtHli&Bi#^ 
#182001-19432 
(P2001-19432A) 
(43)&H B ¥j£l3^ 1 £23B (2001. 1 . 23) 



(51) lntCL 7 
CO 1G 
B 0 ID 
BO 1 J 



mm* 



25/00 
11/00 
19/00 



C0 4B 35/49 



F I 

C 0 1 G 25/00 

BO ID 11/00 

B 0 1J 19/00 

HO IB 3/12 



4D056 
4G0 3 1 
K 4G0 4 8 
Z 4G0 7 5 
3 0 1 5G3 O 3 



(21)fflP#^ 


$SK¥1 1-196291 


(71) fflgA 


000179579 














(22>ffllSB 


JPJSKI 1^7^9 8(1999.7. 9) 




ese^ff^iPSPiHtur a^ a«h 6 mm 


















(71)tllSA 


000118888 










#m mm 










^s^mmm^mm a^ashs 6 #*& 


















(72)589i« 












jse^»iHiapif aw A 5 ? a*hi 6 #*& 


# 
















(74)ftSA 


100080012 

























(54) Kwofeft] m®ft&&&mz&2>pzTmMig&j& 



(57) [KM] 

[ami pznadS'M^ & ft 5 gssswttSWR*: vou-y^ 

ft*gig£ ^9y^t4i:5rfc4< ^ <b 3& s "Ct 

[»**»] *3sw<o*fe-ett, *ft«x4>ft<£fc 

ft SPZTJBjaftSrSSt-fi* Lfc«. CO2 XttH 2 OSrffl V * 



(2) 



^2 0 0 1 - 1 943 



gl:MU C02XI*H20«rffl^TjeBJH£«*&a-r6w 

in** 2 1 m&m i ^E*^pzTJBto»**jfeic*5 

fcj&sfcfTP r £&4*»fc1-*PZrR<0»ric;*rfe. 10 

3 ] it #m i \z.&9L<DF2m<DmtiLj?m£& 

t^t, fltTlEjBBB*Ri»^S<^«, 400-70CTC "C20-60# 

mz&^x* «recoi*rfflv^«BsjKtMkjaatt % 31.1 

~ 1 80~200kgf/cm 2 T? 1 - 8 R*IWfT 5 - t £4$® 

5 ] W*« 1-3 Ot^VuNcl&ttOPZTR 

te, 374.1— 700^. 218.3-400kgf/cm 2 -C0.5— 6 B*|HHf 
5 r. £ £#*£^SPZTRo^j«;fr85 0 
IffiJ&m 6 ] W*« l - 5 <^TJ™WcKtt<DPZTR 

7 ] 1 ~ 6 O^-ftL^ldfE^OPZT^ 

co^^^{cjov>r, «napzriadc4fc"p©» % ^u=- 30 

^A^^^V-O^c^itJiPb : Zr : Ti= 2 : 1 : lt'fe 
5:^ &#®£lT5PZTRO^;£ft; e 
[Hf** 8 ] 1 - 7 (0^1*ixaM£ffittOPZTR 

lih^xyTfesri: Sr»«i:-rsPZTRo«fiS;*fe 0 
9 ] IS*3S 8 (C|BttC0PZTK(?5^fiK*ffi(C^ 

IW*^10] IS^JS 1 ~ 9 COV^JX75MCfa«(OPZTK 

^*ribSr**c*5i^r, «(rlE*D*»»fli*j»Jnryw* s - 4 0 

/U7 5: VXJiTir f;U7t h >T'fe6: t *»» £ f 3 
PZTROJBjfcfrtt. 

[W*Sll] H*«10^|Ett^PZTR^fiK*feJc*5 
V^T, H1ET^*y— ^7 5 >X±*?=.9 J— /U7 ^ ' 
«:»« fc "T 5 PZTR*>»jfcfr». 

«f» t -f 5 PZTRO 50 



[»#«13] Bl*« l -12<0V^ix^E*coPZTR 
tVuir p-^t^5rtS:«Fatt5 PZTRtf> ffgfig* 
[»**14l ffl#Jg 1 ~l3<D^1"ftjW£K«c<£>PZTR 

[0001] 

«4Xt/!fi««ttSr*L. a*oJSKfc«R«:* 5? vt* 

ffl^fcPZTRo^^-feicr^-r^o 
[0002] 

[«©a«] ^vRS^i^vRft (PZT) tt3S«« 

^aKttSr*-r6PZTO»R^Bi:*tbX^.6o w<D 
J: SftPZTRoJBg^asi: LTftftS^ttttSsasK^fe 

[0 0 0 3] *ffi«fcco»-g\ ^^fSja-CfiRRpTfig/ji^^N- 
T-fc>9> ^S?afifelRoW»3&sS*-CV^/j^u^ 0 ^fc. PZTO 

[0 0 0 4] Jftffife^tt, 3*»O^R^%Sr«»-r 

^*fi»; b7^9 ^R^#7C^ B B a ^it^Pn^^^ c * r <b 
MM n 0*&Ttt«E^NPMPZTOPb^a:« L^^755{g:T 
[0 0 0 5] 

(i. PZTJftfiRWd* ?> 5 5fi««tt*R<o *S;v-J?;\,m\z X 
tt. t««WS&tfJtR«tt«:tL, *^olS«/ji»RS: 
-y^ft«rfflv^fcPZTRO»«*jfeS:««i-S r t X'h 
[0 0 0 6] 



(3) 



#fffl 2001—1 943 



ril»S:*SI-»*Ufc«. C02X*iH20«rffl^TjgffiJMS; 
36JLU *36^«C3B5fJL^o 

[0007] -rtefr-h, *&m<D?zim<DMj&jjm*. ? 

mW&s «**6»ttRtf»R«tt**U *SKftPZTJK 
3&s#^tt^r tZ&Wt-tZo jgBjfftJft&SttJfc&ft 

[0 0 0 8] M7^3^'>KliM^SI^I?DTS 

[0009] »«3attiMbRtt;Jttjq**ffc*r3tff 

[0 0 10] 02 j&^ttdSbHzOSrffli^TjaBJMS; 
[0011] 

[5|P^co|llfe<0^] *5SM<D^-y^fe^J;6PZTflt 

[2] pznBja**r*«i-»*i"sxa, rip [3] b 

I^^S-40tt'g;IS, C02XttH20S:fflv^TjeB#« 
Mil, »cSMQ.ai-*Xg, SfcVMi [3' ] 

[3* ] (DS-XSI-ov^KWi-S. 
[0012] [ 1 ] PZT»fiK«lS:HMi-SXS 
*36^-C*li. **t J Pft* k ft< it— i<7)S7;v^^i/ 
K, ^ua-JAT/^^rv/ KR(J ? f , ^>'7^3^ % > K 

*Dx.23-30t:-ep. 5- 2 B*B8S# U MK&H(aS IT 
/<>f >-^-£^0 b23-30 < C-C0.5- 2 B*fiBflt# bTPZT 

[0 0 13] *3BW-Cfflv^iBr/U3^v^K. = 



<> fiJc#tfcttPb : Zr : Ti= 2 : 1 : 1 tfcSO^jff^ ^ 
10 SgllO.l — 1.0mol/lT&50riS#£ LV\ 

[0014] ai7k»»»ftisiiur, ^x^/-^7-; 

K©tt*^»i:»Lt l-3^aiffl^5MS#* b 
i/\ /MV^— lit: KD^i/^pe;Hr;UD-7.r^5 

[0015] [ 2 ] PZTJBfiS:»SrS««-a*"r S HIS 
#^>n^:PZTim^$rS«0^^< t tfrffiic^ 

20 ^bTfc<fcV\, *»Wt?ttfflpniBttlE* (Stt) h LT 
fl, ^Zttfy^s SA, -7^->7l 

&Mcmx~1bZ> 0 
[0016] PZT»fi£fe*a«0^*< i tM-BnJcM* 

-rsaB. »R<o»*tt2-iOMin-e*>s^s#* ti\ 

[0 0 17] [3] il^^^-40tT^M, COzX 
llH2 0tffl^Tett#f£*8!!31U HtcSMOS"*- XS 

30 -fc;MCA*U C02 3mH20£J3v^Tj@B#M£&&SbT2£ 

ILKikKSrMtio «i&— 40 < C-COSS:J8ll 5 ~30# 

[0 0 1 8] CO2 (ftJM&ffi31.1tU §8JM£;*375.2kgf/c 

m 2 ) &m^xm&Rft&&m&ftom&, »*u<*i3 

l.l'C-lSO'C. 80-200kgf/cm 2 Xl~8B#r^s K> 
b < (131 . It;— 120°C, 100— 200kgf/cm 2 "C 2 — 4 B#r^> 

C02 s:ftR*®(c je ty/^^^sM^coz r-a^-r 

So g£^T, ir/u§r^jE, r i lc «t «9 CO2 ^rl^ 

40 iLW^y ^/ K K7^f^it§o 

[0 0 19] —35. H2O (BI B r?ag374.1 < C, B^EE^l21 

8.3k g f/cm 2 ) &m^xm&&&&&m&nom'&, 

b < 11374 . 1 -700^. 218 . 3-400kgf/cm 2 "CO. 5— 6 0# 
£9#£b< (1374.1— SOOt:, 218.3— 300kgf /cm 2 
-C0.5-2P*Btk H20*aiR*ffilcaEby^«foa#SjSE 
SrHzO-C«»1-6o ^V^T, -fe/u^r^IE. MtS^t 
ICJ: 9H20S:l»*bT^^y ^ K K7^y/^t^ 0 

[0020] m&n&.&&m&. »* u < ti4o 

0-700TC^JR»abTPZTK{kRS:»J«i"6O^»* b 
so V\ jR«La(i»*L<tt20-60»M. cfc t 9^*b<(120 



5 



(4) 



ftffl2 001-19432 

6 



[0 0 2 1 ] C 3 ' ) ^*ttfi-4«;Ttt*«, 0 2 Sr 

ir/udAiV 02 $rPA#^^^^>H20^ffi^T^^^: 

(ORjftH 5 — 5 0>j&s#£ IA\ 10 
[0 0 2 2] jgBSff ftiftteSW^, iff»ttli 
[3] 4 3 tC|5®cOH 2 0^^^fc@^g:^S<t^T* 

±9. H202fctTO2fcl»*UTPZllMfc:**:»«i-S. 

»*»HR*aatt5FJiift*. *To 2 ^^:#^^-ri-H20 

[0 0 2 3] JilScoJ: 0 \ZJ&& Lfe**WOPZTBtW[, 

« i n*s#J i ^pzTa^^ ^aric 



[0 0 2 4] 

[0 0 2 5] HtBffl 1 
#i£Pb : Zr : Ti= 2 : 1 : 1 £ &5 £ 5 Klff*®^ U 

^HSt»*A^^>^#y--/ur^^«:JD*., 25^-ci 
f$Wlf # LfCo B^T h/ux y/u tvur/un- 
^T-M^Lr^JSr^=3^rv' K<O»S2)S0. Imol/lO 

^o-^^r»U 25 < CT'2B#r B 1^LrP2Tm^^^r 

raHufco r^pzTm^o^^^nc^-r 0 

[0 0 2 6] 











2.19 


2 


v?yu=r- ^i*-^ h^-n-^ b^>K 


1.19 


1 




1.05 


1 


v^^y — /i^r ^ > 


1.30 


4 




1.00 






0.00 






93.27 




o pT 


100.00 





[0027] <#p>2 v tfePZTa«:«i*e&*tE±jc^>r y 30 

= — 7^ V^^-^lOcm/min.T^I^-bJf ^—"r-( 

rnsriKHfflta-feyHcAix. 40T:. sokgf/cm 2 -c 2 b# 

m. C02«rfflv>Tj8tt#ft««i31U, Kfcffl**, 500^ 
-C30»BB!»«aU. PZTBt*r*J*Lfc. ^^PZTRcoRJ^ 

Y LV — ®K£ffi^T60HzT-P-Et:;* 

* 2 sue^i 2 opzTfi**oiaric 



18 . 0 w C/cm 2 . tftm Jm35 . OKV/cmT-fc o fc 0 
[0 0 2 8] mteW2 

* y -^r 5 >£fflv^j^i* jsisw 1 1 mmc ltpz 
m^sriisauTto rcopzm^oa*^^2tc^ 

-to 

[0 0 2 9] 











2.13 


2 




1.16 


1 


V'-T" l>7-n-7' h^rf K 


1.03 


1 




3.80 


12 




1.00 






0.00 






90.88 






100.00 





[0 0 3 0] WfcixfePZTa^ftSrffl^T. COz £rffl 

«B#»aa«!««:i&ffi8<«:, EE^/i60kgf/cm 2 -e 1 n^tr 50 



(5) 



&BB 2001—1 943 



Hi* 1 6 . 2 v C/cm 2 , tam# f^32 . 4KV/cmT- &> o *: 0 
[0 0 3 1 ] gf fififfJ 3 

* 3 %mm 3 opzTM^c^^m^ 



[0 0 3 2] 











2.19 


2 




1.19 


1 




1.05 


1 




1.24 


4 




1.00 






0.00 






93.33 






100.00 





[0 0 3 3] f#fcixfcPZT«^»£^T. HSfiWI 2 <br 
^^UTPZTflg^^L^o ^OPZTlR(OjR*tt2 Aim 

mi tmmizT&ibtimms »a»atti5.3//c/cm 2 . st 

m#^38 . 8KV/cdj-C£> o fc Q 
[0 0 3 4] Ht6W4 20 



MMMl i:|^««cur»bixfcPZT»fiR»S:eAS*Ji 
{C^W :X T"^ — 7^ V^jfeT'lOcm/min.T^I^Jitf a — 
x>f >>/U^#IS^^^^T40 t CT'10^^^U^: 
«L 400*0, 250kgf/cm 2 tl P#K. HzO^rffi^TS^K 

sftiu, seicssc** 5oo^3o#B0f&tessrfTV\ p 

ZTR&fl&SLfco 3.^PZTROlRfftt2 Mm"Cfeo^ 0 ># 
*«)^:3B*. ««»«Wt20. 6m C/cm 2 , St«#tt:25.5KV/ 
[0 0 3 5] HlfeW 5 

^4 



30 





en 


18.0 


35.0 




#J2 


16.2 . 


32.4 






15.3 


38.8 


HJS 


W4 


20.6 


25.5 




ws 


23.4 


23.0 




fli 


14.0 


45.3 



"7-4^7 Lffl«#H«*F*rffl V^4tfC"C10#MJttflfc Ufc 
£^500^ 250kgf/cm 2 T*305>^, Hz0£:/S l^XjgES 

350kgf/cm 2 T* 2 B#P^ H2 0*rffl^TjB»#ft*fe*QS 
U' PZTJR^^Lfeo rOPZTK<DKl?Ji2 MmT^o 
»^H/iPZTR<7>a«^«R05$L«#S:lltfee»|l <t 
l^«fC*«>^.JB*. »e»ffitt23.4/zC/an 2 , SMKJUM 
3.0KV/cnTC£>o*: 0 

[0 0 3 6] fe&ffjj 1 
C02^ffiV^c^^#^^M^tT^^^^(i^5S^J 1 
li]«Uc L-CPZTRSr»fifc Lfc G roPZTIgOlglJltte 2 <i 

m# f*4 5 . 3KV/ant? *> o fc e 
[0 0 3 7] ±E*jffiWXt/Jt««-e»fiRL^iP2TKo 

Sittjfr (KV/cm) 



[0038] *4 ±9, **WO*ffi«CJ:0«*U^:PZ 40 
[0 0 3 9] 



UMBOS**] «±I¥J6LfeJ:p«c*3gM<DPZTR(7>^ 



(6) 



^20 0 1 - 1 94 



(51)Int.Cl. 7 «JB'J1E# 
HO 1 B 3/12 3 0 1 



F I 

C 0 4 B 35/49 



(72)»9I# ft* iBttt 

(72)bp^# #w ax 

»K*»«IW»JWBr***«lIK6#» He 



F* — 4D056 AB05 AB17 AC24 BA16 CA01 

CA18 CA21 CA22 CA39 DA01 
DA02 DA06 
4G031 AA11 AA12 AA32 BA09 CA08 
GA04 

4G048 AA02 AB01 AB02 AB05 AB08 
AC02 AD02 AE08 

4G075 AA24 BB03 CA02 CA05 CA62 
CA65 CA66 

5G303 AA10 AB20 BA03 CA01 CB25 
CB35 CB39 DA02 



